Objective The present study was undertaken to determine the characteristics and outcome of in-hospital cardiac arrests and the effectiveness of BVM ventilation with airway adjuncts including the oropharyngeal airways and nasopharyngeal airways. Methods Information about in-hospital cardiac arrests over a period of 6 years was retrospectively collected, and the effectiveness of BVM ventilation with airway adjuncts was analyzed using a multivariate logistic regression model. Results During the study period, 105 (male, n=70; age, 68.6±14.2 years) cardiac arrests occurred, of which 95.2% developed among inpatients and 21.0% of them were witnessed. The initial rhythm of cardiac arrests was pulseless electrical activity in 63.8% (67/105) and respiratory failure (44.8%) was the most common cause. Overall, a return of spontaneous circulation occurred in 76.2% of in-hospital cardiac arrests, 31.4% survived to discharge, and the neurological outcome was good (cerebral performance category-1) in 66.7% of them. Bag-valve-mask ventilation with airway adjuncts improved the neurological outcome (OR 3.52, 95%CI 1.07, 11.5). Conclusion Bag-valve-mask ventilation with airway adjuncts improved neurological outcomes.
Introduction
Despite recommendations to use airway adjuncts including the oropharyngeal airways and nasopharyngeal airways during resuscitation, clinical studies have not demonstrated that these strategies improve the outcomes of in-hospital cardiac arrest.
The American Heart Association (AHA), in collaboration with the International Liaison Committee on Resuscitation (ILCOR), published the "Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care" in 2000, and coordinated "chain of survival" actions were recommended for saving life-threatening victims including cardiac arrest. Based on the guidelines, Juntendo University Hospital established an emergency care system in 2003 to cope with life-threatening conditions that occur in hospital, including sudden cardiac arrest.
We hypothesized that early and aggressive use of airway adjuncts improves neurological outcomes, because assured bag-valve-mask (BVM) ventilation with airway adjuncts provides effective and efficient oxygen supply for the brain and reduces cerebral ischemic injuries.
The present study was undertaken to assess the characteristics and outcomes of cardiac arrests that occurred at our hospital and to evaluate the effectiveness of BVM ventilation with airway adjuncts. 
Patients and data collection
Data regarding all cardiac arrests that occurred at our hospital and which were treated by the J-STAT team between January 1, 2003 and December 31, 2008 were retrospectively reviewed.
Data included the total number of cardiac arrests, patient age, gender and category (inpatient/outpatient), time of onset (9:00 AM to 8:59 PM or 9:00 PM to 8:59 AM), number of witnessed cardiac arrests, and time to J-STAT team arrival. An experienced cardiologist reviewed follow-up data such as the initial rhythm, causes, types of interventions, numbers of returns of spontaneous circulation (ROSC) and survival to discharge, and neurological outcomes described as cerebral performance category (CPC) values were also reviewed. Causes of cardiac arrest were retrospectively investigated and classified according to the Utstein template.
Statistical analysis
Results for continuous variables are expressed as means ± SD and results for categorical variables are expressed as ratios (%). We evaluated factors influencing the prognosis of patients who went into cardiac arrest at our hospital. Data were statistically analyzed using univariate and multivariate logistic regression models to calculate odds ratios (OR) and 95% confidence intervals (95% CI) in order to evaluate the relationship between neurological outcomes (CPC-1) and several factors. In logistic regression analysis, we use age, gender, yearly transition, season (April to June), time of onset (9:00 PM to 8:59 AM), witnessed, time to arrival, BVM, BVM with airway adjuncts, AED, intubation and adrenaline (epinephrine) as explanatory variables.
Statistical significance was defined as a p value below 0.05. All data were statistically analysed using SAS Enterprise Guide 4 software (SAS Institute Inc., Cary, NC, USA).
Results

Incidence and general results
A total of 105 (male, n=70; age, 68.6±14.2 years) cardiac arrests occurred at our hospital during the study period of 6 years, and inpatients accounted for 95.2% (100/105) of them. Time of onset did not significantly differ (9:00 AM to 8:59 PM vs. 9:00 PM to 8:59 AM). Among the cardiac arrests, 21.0% were witnessed. The time from recognition of cardiac arrest to the arrival of a J-STAT team was 6.4±6.0 minutes (Table 1) .
Initial rhythm, causes and interventions
The initial rhythms of cardiac arrests were ventricular fibrillation (VF)/pulseless ventricular tachycardia (pulseless VT) in 32.4% (34/105), pulseless electrical activity (PEA) in 63.8% (67/105) and asystole in 3.8% (4/105).
Respiratory failure was the most frequent cause, accounting for 44.8% (47/105), followed by hypotension in 28.6% (30/105) and myocardial infarction in 12.4% (13/105). Toxins, hypothermia, and stroke were not reported.
All victims required chest compression on site, and others required, BVM ventilation 76.2% (80/105), BVM with Airway adjuncts 13.3% (14/105), endotracheal intubation 66.7% (70/105) and adrenaline (epinephrine) 84.8% (89/ 105). Among those with VF/pulseless VT, 3.8% (4/105) required defibrillation using an AED ( Table 2) . According to the initial rhythm, ROSC occurred in 88.2% (30/34) of those with VF/pulseless VT, 38.2% (13/34) survived to discharge and 69.2% (9/13) had a good recovery (CPC-1). After initial PEA, these values were 73.1% (49/ 67), 28.4% (19/67) and 68.4% (13/19), respectively. The survival rate of asystole was lower than that among patients with VF/Pulseless VT and PEA, with these values being 25% (1/4), 25% (1/4) and 0% (0/1), respectively. Table 4 shows the factors affecting neurological outcomes. According to neurological outcomes based on cerebral performance category (CPC) scales, univariative analysis showed that BVM ventilations with airway adjuncts including the oropharyngeal airways and nasopharyngeal airways participated good recovery (CPC-1) (OR 3.52, 95%CI 1.07, 11.5). Otherwise, BVM alone and endotracheal intubation did not improve neurological outcomes (OR 0.32, 95% CI 0.12, 0.84 : OR 0.32, 95%CI 0.12, 0.84). Table 5 shows the results of the multivariate logistic regression analysis adjusted for age and sex.
Outcome of resuscitation
Neurological outcomes
Discussion
In-hospital cardiac arrest is a major public health problem. The key principle in resuscitation is strengthening links in the chain of survival. Successful resuscitation requires immediate recognition of cardiac arrest, activation of an emergency response system, early CPR, early defibrillation and early advanced life support. Continuous effective chest compression, attempts at early defibrillation, as well as and diagnosing and treating underlying reversible causes are important fundamental aspects of successful cardiac arrest resuscitation.
The survival rates and neurological outcomes at our hospital were better than those described by the National Registry of Cardiopulmonary Resuscitation (NRCPR) (1). Two conditions might account for this. First, the infrastructure at our hospital, including "J-STAT call" systems, 30 AEDs and 34 unified emergency carts, is very effective. Furthermore, our J-STAT teams are trained in BLS and ALS and other physicians and nurses have attended courses on resuscitation training including BLS and ALS since 2003, especially all nurses have been trained in BLS. This is important because the survival of patients with cardiac arrest requires accurate assessment of an underlying reversible cause and appropriate treatment and medical staff with the direction, coordination and integration of high quality CPR. The benefits of interventions by trained emergency medical teams on resuscitation have been reported (2) (3) (4) . The nurses are the most frequent first responders in a hospital, and they immediately activated the emergency response systems at our hospital and applied BLS as capable bystanders.
Despite recommendations to use airway adjuncts including the oropharyngeal airways and nasopharyngeal airways during resuscitation, clinical studies have not demonstrated that these strategies improve the outcomes of in-hospital cardiac arrest. In this study, univariate and multivariate analysis revealed that BVM with airway adjuncts improved neurological outcomes of resuscitation at our hospital, whereas BVM alone and endotracheal intubation did not. At least two reasons might account for this finding.
First, the most frequent major initial rhythm of cardiac arrest was PEA, and the most frequent cause was respiratory failure. The application of BVM ventilation with airway adjuncts that were promptly and safely inserted by trained staff conferred better oxygenation compared with BVM alone and endotracheal intubation. Therefore cerebral ischemic injuries were reduced.
Another possible explanation for the better neurological outcomes was that nurses trained in resuscitation collaborated with the J-STAT team on site. The application of BVM ventilation is most effective when applied by two trained providers and it should never be attempted by lone providers. Airway adjuncts including oropharyngeal airways and nasopharyngeal airways are associated with several complications such as airway obstruction and bleeding, as well as inadvertent intracranial placement (5-7). Adequate training, practice and retraining are recommended for the safe use of airway adjuncts. In addition to J-STAT teams, nurses have also been trained in the use and application of airway adjuncts for BVM at our hospital.
Endotracheal intubation was once considered the optimal method of airway management during cardiac arrest. However, no prospective randomised clinical trials have yet directly compared BVM with endotracheal intubation in adult victims of cardiac arrest. In addition, Dumot et al. demonstrated that hospital inpatients who required endotracheal intubation during resuscitation had worse survival rates (8) . Furthermore, endotracheal intubation has been associated with a 6-25% incidence of unrecognised tube misplacement or displacement (9-13). Such incidences of complications are unacceptable. Therefore, BVM ventilation with airway adjuncts during resuscitation has recently been recommended. Although complications such as trauma and tube misplacement or displacement were not found in the present study, the risk of prolonged interruption of chest compression and ventilations persisted.
The present study has several limitations, the major drawback being that it is a retrospective study of a single hospital. We investigated 105 cardiac arrests, which was not adequate to evaluate prognosis compared with various types of initial pulseless rhythms. The effectiveness of airway ad- juncts was suggested, but only for 14 patients. Furthermore, we did not evaluate the quality of resuscitations on site and this is important because chest compression rates, compression depth and hand-off time affect the prognosis of patients with cardiac arrest who undergo resuscitation. Although nurses trained in BLS and J-STAT teams trained in ALS applied resuscitation on site, the retrospective verification of quality is impossible. In addition, to verify the prognosis accurately, further investigation regarding patient background, medical history and complications are needed.
To further improve survival rates and neurological outcomes after resuscitation at our hospital, we will implement several reorganisations based on the features and settings of cardiac arrests revealed by this study. First, the numbers of endotracheal intubations should be reduced and the use of airway adjuncts should be increased. Indeed, the most common cause of cardiac arrest at our hospital was respiratory failure. However, the rate of endotracheal intubation was much higher than predicted.
Secondly, arranging resuscitation training programs based on the results of this study should cultivate good capabilities of assessment, judgment and clinical skills for resuscitation, and the ability to adjust for needs on site.
Thirdly, a multi-faceted approach is needed to bring about improvements. The International Liaison Committee on Resuscitation (ILCOR) has recommended evaluation of the quality and effectiveness of life-saving activities by hospital committees since 1997. Regular committee meetings will be held regularly at our hospital, various directions of improvement measures will be determined on a timely basis, and feedback will also be directly provided to all staff members.
Conclusions
BVM ventilation with airway adjuncts including the oropharyngeal and nasopharyngeal airways improved neurological outcomes after in-hospital cardiac arrest. Further improvements in survival rates and neurological outcomes after resuscitation, as well as feedback about clinical scenes based on actual situation data are needed.
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